Abstract
Introduction
Malaria is a serious infection caused by protozoan parasites of the Plasmodium species that are transmitted when infected female anopheline mosquitoes bite a human host to consume a blood meal [1] . The characteristic clinical signs and symptoms of malaria include recurrent attacks of fever, paroxysm, hemolytic anemia, and jaundice [2] . Asymptomatic malaria, in which individuals are infected but exhibit few signs and symptoms of disease presents substantial challenges in terms of eradication or control strategies [3] .
Although malaria cases occur in all the major tropical and sub-tropical regions of the world, Africa has the greatest number of people at risk of contracting the disease and has the greatest number of deaths related to malaria [4] . The World Health Organization (WHO) World Malaria Report 2013 states that there were an estimated 207 million cases of malaria worldwide in 2012, with 80% of these estimates attributed to Africa [4] . There were 627,000 estimated deaths due to malaria, 90% of which were estimated to occur in Africa. Approximately 482,000 of these deaths were estimated to occur in children below 5 years of age, representing 77% of all global malaria deaths [4] . Within Africa, the majority of malaria cases occur in sub-Saharan countries, and while some malaria infection control measures are in place across most of the region, transmission and mortality rates remain high and this results in an enormous burden on health care systems [4] .
Pregnant women are more susceptible to malaria, and susceptibility is greatest in the first and second pregnancy [5] [6] [7] . Malaria in pregnancy is, therefore, one of the most common causes of preventable mortality and morbidity in pregnant women and infants in sub-Saharan Africa [8] . There are an estimated 30 million pregnancies that are at risk of malaria infection across the region each year; and approximately 200,000 infants and 10,000 women die of complications related to malaria in pregnancy annually [9, 10] .
Intermittent preventive treatment in pregnancy (IPTp) is an important means of reducing the detrimental health impact of malaria on pregnant mothers and their unborn children [11] . The WHO recommends IPTp with sulfadoxine-pyrimethamine (SP) at each ante-natal visit after the first trimester in moderate and high-malaria transmission regions [11] . Nevertheless, resistance to SP is widespread, especially in East Africa, and evidence from a study in Burkina Faso has shown that the use of SP in IPTp led to an increase in the prevalence of resistant infections from 1.3% in 2000 to 35.3% in 2009, and 54.3% in 2011 (p 0.001) [12] . An additional concern is that SP is unsafe for administration during the first trimester of pregnancy [13] [14] [15] . There is, therefore, a need for new drugs for IPTp.
The combination of azithromycin (AZ) and chloroquine (CQ) was evaluated as a potential alternative to SP for IPTp in another study (NCT01103063) [9] . AZ and CQ have been used extensively in pregnant women during all trimesters. AZ has been used for the treatment and prevention of sexually transmitted infections including Neisseria gonorrhoeae and Chlamydia trachomatis infections [16] . The combination of AZ and CQ (AZCQ) has been shown to produce synergistic reductions in malaria parasite burden in vitro and in animal model studies [17, 18] .
Co-administration of AZ and CQ has demonstrated efficacy, safety, and tolerability in the treatment of symptomatic uncomplicated malaria in two multi-country Phase 3 clinical studies in non-pregnant adults (NCT00082576 and NCT00367653) [19] and one study in children (NCT00677833) [20] .
The study we describe here (NCT01103713) was designed to assess weekly parasitological response and drug concentrations of a single fixed-dose combination of AZCQ administered over 3 days in women with asymptomatic Plasmodium falciparum parasitaemia, in their first or second pregnancy, in sub-Saharan Africa. The aim of this study was to determine if AZCQ could clear the malaria parasites from the blood during pregnancy with a similar efficacy as that demonstrated in previous adult treatment studies. However, unlike typical treatment studies that rely on demonstrating adequate clinical and parasitological response as a primary endpoint [21] , the trial was designed to provide supportive data in asymptomatic, parasitemic women for a Phase 3 IPTp companion study (NCT01103063). An out-patient design was used to reflect normal antenatal care conditions for IPTp programs.
Methods

Study Design and Patients
This was an open-label, non-comparative out-patient study in primi-or secundigravidae women !16 to 35 years of age in the second or third trimesters of pregnancy with asymptomatic peripheral P. falciparum parasitemia (counts of 80-100,000 cells/μl). Study participants received a single 3-day course of AZCQ IPTp therapy after providing informed consent.
Women were excluded if they were revealed to have multiple gestations as per ultrasound screening, had any chronic illness that might have adversely affected fetal growth or viability, or had evidence of current obstetric complications that could adversely impact the pregnancy or fetal outcomes, including presence of congenital anomalies, placenta previa, or abruption. Additionally, women were excluded if they had clinical signs and symptoms of malaria, history of fever within prior 24 h, baseline hemoglobin <8 g/dl, or had used antimalarial drugs in the previous 4 weeks. An inability to tolerate oral treatment in tablet form, or a known allergy to the study drugs (AZ, CQ, and SP, as these treatments are continued after study completion) or to any macrolides or sulfonamides, use of any medication that may have interfered with the evaluation of the study drug or that was contra-indicated during pregnancy, a current history of smoking or alcohol/drug abuse, or severe acute or chronic medical or psychiatric condition or laboratory abnormality (e.g., clinically-assessed symptomatic HIV infection, sickle-cell disease, renal, or hepatic disease) were also reasons for exclusion.
A fixed-dose AZCQ combination (four fixed dose combination tablets of AZ 250 mg/CQ 155 mg) was used in this study [22] . Two tablets of this formulation had previously been shown to result in comparable systemic exposures of AZ and CQ to those achieved by administration of standalone tablets of AZ (Zithromax 1 500 mg) and CQ (Aralen 1 300 mg) [20] 
Primary and Secondary Endpoints
Parasitological response was assessed by analysis of peripheral blood smears (thick and thin) stained by standard Giemsa staining for parasite identification. Parasite numbers were counted using the white blood cell counting method on thick smears. Each blood smear was read by two microscopists blinded to the reading of each other. In the event of any discrepancies, a third microscopist read the blood smear and the average of the two most concordant results was used. A positive blood smear had a P. falciparum count 80-100,000 μl upon examination of 100 high power fields on thick smear. A blood slide was considered negative when the examination of 100 high power fields on the thick smear do not show the presence of any P. falciparum parasites.
Molecular testing by polymerase chain reaction (PCR) was used to verify the genotype of asexual P. falciparum parasites [23] . Analysis of PCR-adjusted data allowed the differentiation between the reappearance of the same genotypic parasite as present at baseline (considered a treatment failure, recrudescence) and re-infection with genotypically different P. falciparum after parasitological cure of the baseline infection. Conversely, analysis of PCR-unadjusted data made no distinction between reappearance of the baseline infection or re-infection with a genotypically distinct parasite, both of which would be considered treatment failures. The primary endpoint was the PCR-adjusted parasitological cure rate on day 28 following a single 3-day dosing regimen of AZCQ in asymptomatic pregnant women with P. falciparum parasitemia. Secondary endpoints included PCR-adjusted and unadjusted parasitological cure rates on days 7, 14, 21, 28 (unadjusted), 35, and 42 post first dose of study drug, and parasite counts (number of asexual P. falciparum parasites per μl of blood) at each visit.
recorded. An AE with onset after the first dose of study drug was to be counted as a treatment emergent adverse event (TEAE) if it occurred on or before 35 days post last dose. If the onset was prior to the first dose of study drug and the severity increased thereafter, the event was also to be counted as a TEAE.
Statistical Analysis
Study populations were defined as follows. The intent to treat (ITT) analysis population consisted of all participants who received at least one dose of study drug and who had baseline blood smears positive for P. falciparum monoinfection. The modified ITT (MITT) comprised a subset of the ITT population who had P. falciparum monoinfection (confirmed by microscopy) with parasite counts in the range of 80-100,000/μl on thick blood smears. The per protocol (PP) analysis population comprised a subset of MITT participants who received all 3 days of study drug. Safety analysis data included all mothers who received at least one dose of study drug, while for neonates it consisted of all liveborn babies. Parasite counts were summarized descriptively using the sample mean, standard deviation (SD), standard error (SE), median, minimum, and maximum. Primary and secondary parasitological endpoints were estimated from the Kaplan-Meier (KM) curve (primary analysis), with corresponding 95% confidence interval (CI), based on time to the first occurrence of parasitological failure. If, at a given time point, no parasitological failures had yet occurred, resulting in a missing variance estimate, an exact CI derived from the binomial distribution was computed. A subject was a parasitological responder if she had a zero parasite count on the day 7 visit without subsequent recurrence through the day of consideration (PCR adjusted or unadjusted as applicable), otherwise she was a parasitological failure. Participants who did not experience the defined event (parasitological failure) were considered censored. Crude incidence of parasite cure was also calculated for days 28 and 42. A sensitivity analysis was also performed considering study discontinuations as failures. Data were pooled across all sites for analysis. No statistical hypothesis was tested.
Drug Concentrations
Concentrations of serum AZ, plasma CQ, and the CQ metabolite, desethyl-CQ (DECQ) were evaluated with sparse pharmacokinetic sampling on day 0 predose, day 2 predose, 2 h (as close to 2 h as possible), and 8 h (time window: 4-12 h) post dose, and at a random time point on days 7 and 14. In addition, due to the long half-life of CQ, plasma concentrations of CQ and DECQ were measured at a random time point on days 21 and 28.
Blood samples were centrifuged at 1700 rpm for 10 minutes at 4˚C. Serum for AZ or plasma for CQ and DECQ samples were stored within 1 hour of collection at -20˚C until shipped for assay. AZ, CQ, and DECQ concentrations were analyzed using validated, sensitive, and specific high-performance liquid chromatography tandem mass spectrometric methods in compliance with Pfizer standard operating procedures. AZ assays were performed by Bioanalytical Laboratory (BASi) (USA) and CQ/DECQ assays were performed by Bioanalytical Laboratory WuXi appTec (China).
Results
Patients Characteristics and Populations Analyzed
The study was conducted between March 2011 and October 2013 in six study sites in five countries: Benin, Kenya, Malawi, Tanzania, and Uganda. In total, 404 women were screened, of whom, 168 were treated and 155 completed the study (Fig 1) . The site by site breakdown of study completion is as follows: in Kenya, 62/67 (92.5%) participants completed the study; in Tanzania (2 sites), 1/1 (100.0%) participant; in Benin, 1/1 (100.0%) participant; in Uganda, 46/ 49 (93.9%) participants; and in Malawi, 45/50 (90.0%) participants.
Reasons for discontinuation included unwillingness to continue study participation (eight women), lost to follow-up (two women), termination of the study (two women), and another due to relocation (one woman). The safety analysis set comprised all 168 women who were treated and 157 live-born neonates. There were three stillbirths recorded, and eight pregnancy outcomes were not recorded because 7 participants withdrew consent and 1 was lost to followup. Drug concentrations were assessed from samples from 166 participants. The MITT population comprised 163 women who had a P. falciparum monoinfection (confirmed by microscopy) with parasite counts between 80 and 100,000 per μl (one subject in Tanzania who had a parasite count of 500,000 per μl was incorrectly included in the study) and who received at least one dose of study drug. In addition, two participants were found to have been improperly consented and were, therefore, excluded from the efficacy analysis. The PP analysis set comprised 158 participants in the MITT population who received all three daily doses of study drug. Baseline demographics for the safety population are shown in Table 1 . For 124 (73.8%) women this was the first pregnancy, while 43 (25.6%) women had one previous pregnancy resulting in a live birth, and one woman had a previous pregnancy that resulted in a spontaneous abortion (Table 1) . One woman had two prior pregnancies (a protocol deviation), both resulting in a live birth. Most women with one or more prior pregnancies reported vaginal deliveries (40 [23.8%] women in the group with one prior pregnancy and one [0.6%] woman in the group with two prior pregnancies). A cesarean section was reported for two (1.2%) women in the group with one prior pregnancy. No participant reported previous stillbirth, elective terminations, ectopic or molar pregnancies, history of subfertility, risk factors for adverse pregnancy outcomes due to environmental/occupational exposures, or a family history of congenital abnormality/genetic diseases. Long-lasting insecticide-treated bed nets were installed for 164/165 participants in the ITT population. The median baseline asexual parasite count for all participants in the ITT population was 1240 per μl ( Table 2) .
CQ Resistance
In the ITT population, 100 (60.6%) participants had infections with parasites carrying a mutant version of either one or both of the P. falciparum CQ resistance transporter (PfCRT) or P. falciparum multidrug resistance 1 (Pfmdr1) genes. The remaining 65 (39.4%) participants had wild-type infections.
Efficacy
At day 28, 153 of 154 participants in the PP population had a PCR-adjusted parasitological response (KM estimate: 99.35%; 95% CI: 97.76, 100.00) ( Tables 3 and 4 Results for PCR-unadjusted data were identical to PCR-adjusted data until day 21, and were slightly lower, but still above 95%, at day 28. By days 35 and 42, PCR-unadjusted results were markedly lower, reaching approximately 78% at the end of the follow-up period (Table 4) .
Safety
There were no deaths reported in the pregnant mothers participating in this study. There were four deaths in neonates due to AEs: two neonatal asphyxia, one sudden infant death syndrome, and one premature baby (no further details recorded). None of these were considered related to study drug.
No mothers experienced serious AEs (SAEs) and nine SAEs were reported in neonates. TEAEs were reported in 92 (54.8%) mothers and 27 (17.2%) neonates. The most common TEAEs, those occurring in at least 5 mothers, are listed in Table 5 . The most frequent TEAEs were vomiting (20.8%) and dizziness (19.6%) . No mothers and seven (4.5%) neonates experienced severe AEs. Treatment-related TEAEs were reported in 71 (42.3%) mothers, and none in neonates. 
Drug Concentrations
Mean serum AZ concentrations were 194, 994, and 708 ng/ml at 0, 2, and 8 h on day 2, respectively, and 54.4 and 20.3 ng/ml on days 7 and 14, respectively (Table 6 ). Mean plasma CQ concentrations were: 306, 621, and 641 ng/ml at 0, 2, and 8 h on day 2, respectively; and 130, 43.1, 22.4, and 12.7 ng/ml on days 7, 14, 21, and 28, respectively. Mean plasma DECQ concentrations were: 184, 220, and 242 ng/ml at 0, 2, and 8 h on day 2, respectively; and 144, 55.5, 29.8, and 19.4 ng/ml on days 7, 14, 21, and 28, respectively (Table 6 ). In general, the mean concentrations of serum AZ, plasma CQ, and plasma DECQ showed large CV% values (ranges of 33-156%, 42-228%, and 57-109%, respectively).
Birth Outcomes
Of the 157 neonates, 66 (42.0%) were female and 91 (58.0%) were male. The mean birth length (SD) was 46.3 cm (3.6) and the mean birth weight (SD) was 3022.2 g (494.5), while nine of the 137 with recorded birth weight (6.6%) had low birth weight (LBW; <2500 g). There were 144 (91.7%) normal newborns. Congenital malformations or anomalies were reported for two (1.3%) newborns (one hypospadias and one polydactyly), and other neonatal problems or abnormalities were reported for nine (5.7%) newborns. The outcome for two (1.3%) newborns was unknown (Tables 7 and 8) .
Discussion
This open-label, out-patient study in five countries in sub-Saharan Africa was designed to assess parasitological cure rates up to 42 days following a single, 3-day dose of AZCQ given during the second or third trimester to pregnant women in their first or second pregnancy. In this study, a single, 3-day dose of AZCQ was well-tolerated and effective in reducing P. falciparum parasitemia in asymptomatic pregnant women with confirmed P. falciparum parasitemia. There were no deaths in the mother group, and the occurrence of SAEs was low, with no serious TEAEs or severe TEAEs in the mother group up to day 35. The most frequent treatment-related TEAEs in the mother group were vomiting (20.2%) and dizziness (19.6%). After day 35, there were four neonate deaths due to SAEs, none of which were considered to be treatment-related. An accompanying Phase 3 pivotal clinical trial (NCT01103063) was designed to assess AZCQ versus SP for IPTp in East and Southern sub-Saharan Africa. This trial was terminated based on results of a pre-planned interim analysis, which showed that the futility boundary for efficacy had been crossed.
Despite the failure of the pivotal Phase 3 trial, our findings showed that parasitological cure rates to a single, 3-day dose of AZCQ were high throughout the long duration (42 days) of the Table 6 . Summary of drug concentrations (ng/ml). study, which was consistent with previous studies and further confirmed by sensitivity analyses in which study drop-outs were considered to be treatment failures. The reasons why this AZCQ IPTp treatment regimen failed to demonstrate superiority versus SP in the Phase 3 pivotal trial are beyond the scope of this article, but clearly, the data we present here did not appear to suggest that AZCQ IPTp treatment would not be a viable treatment option. Another potential alternative to SP IPTp, DHA-P, was recently described [24, 25] . Interestingly, a recent study on mefloquine versus SP IPTp, showed that although mefloquine reduced the incidence of maternal parasitemia at the time of birth, there was no difference versus SP in the prevalence of LBW [26] . The investigators postulated that the improved malaria control strategies in place throughout the trial led to overall reductions in malaria transmission rate, thereby reducing the potential impact of malaria on birth outcomes relative to other confounding factors [26] . Perhaps, in large-scale Phase 3 clinical trials, the improvements in malaria control and access to health care that are provided to all participants, in either treatment group, reduce the influence of malaria on birth outcomes, thereby reducing the statistical power to detect any difference between treatment interventions.
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